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(54) Method for recowering carboxyllc adds from aqueous solutions 

(57) Disclosed is a method for reoovering cartxacyiic 
adds liaving from one to ten cartson atoms, and partic- 
ularly formic add. acetic add and mixtures of formic and 
acetic acids, from aqueous solutions, in which the aque- 
ous soiuficn Is contacted with solvent consisting essen- 
tially of mixed trialkytpho^hine oddes in counter- 
cunent liquid-liquid extraction flow in a contacting step 
to thereby trarder the adds from the aqueous solution 
to the solvent, thue producing a laffinate relatively low in 
add contantand a rich solvant. The rich edtwtt is pref- 
erably dehydrated to separate water therefrom and yield 
a deiiydratBd rich solvent The dehydiated rich solvent 
then has the adds stripped from H and the resulting lean 
solvem is then returned to the liquid-liquid extraction 
step, while the separated adds are split into their con- 
stituent components in a distillation operation. 
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Description 

Ttw invention relates to methods for recovering caitxsxylic adds having from one to ten caitxsn atoms, and partic- 
ularty formic acid, acetic acid, and mixtures of formic and acetic adds from aqueous solutions containing the same. 

5 A nunter of IndudriaOyslgnSicant processes produce as a waste product dilute solutions of short cham cartxixytic 
adds, particuiarly formic add and acetic add. Typically these solutions are in the range of one to three percent add by 
weighL Heretofore it has been common to discard such solutions to the environment but present day concerns about 
pollution are inaeasingly making it neces^ry to dean such waste water solutions andAor to recover the adds that they 
contain as economically valuable byproducts of the processes. 

10 Conventional recovery systems, such as distiltation. or extractive distillation, tend to be objedionatsty energy inten- 
sive and uneconomical, as well as involving process difficulties such as the forniation of azeotio^ 
break emulsksns and the ISga. 

There is thus a need for a method of treating waste water containing short chain caitocyiic adds in a manner whM 
will produce a waste water produd which needs llttte or no after treatment before its ultimate discharge or reuse as 

15 process water in a plant and which produces reco^red cartxixyitc adds of such purity and quality as to t)e saleable or 
reusable in a process plant in an economical manno*. The present invention is designed to fill that need. 

Broadly corsidered. in accordance with the present invention, there is provided a method for recovering short chain 
caJtx>xylic adds having from one to ten carbon atoms, and particularty formic add and acetic add and mixtures thereof 
from dilute aqueous solutfons of such adds. Typical concantrations of aqueous solutions amenable to treatment by the 

20 m^hodoftheinventionareonetothreepercentbywe^htadds. In accordance with the inventfon, the aqueous edution 
Is brought into liquid-liquid contact with a water imnteible Mgh boiling triall^lphosphine cxkie mixlure extractant and 
the adds are largely absorbed Into the extractant leaving a substantially pure ¥vater raffinate. which is then passed to 
further treatment, disposal or reuse. The solvent extractant. now rich In adds, ts then preferalaly dehydrated, and the 
water stream resulting therefrom is preferaiTly recycled to the incoming aqueous solution. The rich solvent ts then 

25 Stripped of itscfissolved adds in a cfistiDalfon process, and the now lean extractant solvent Is returned to the liquid-liquid 
extractfon process. If needed, the removed adds are then split into components which are essentially single spedes of 
dedred purity by distillation, and are thus marketable products or products usable wHhin a plant for oth& processes. 

Thepr^erred solvent extractant for use in the invention is a mixture of four triaOcylphosphine oxides, manufactured 
by Cytach Industries under the trademark CYANEX 923. 

30 The preferred sotvent extractant is a mixture of ftxir trialkyiphosphine oxides as follows: 
R3P(0) RgFTPCO) RR'gPP) R'gPCO) 

Where R = [CH3{CH2)7] • normal octyl . 
R' » [CH3(CH2)s] - normal heocyl 

35 

Average Molecular Weight - 348 (approodmatel^ 
Typical properties of this solvent are reported as fbOows: 


40 

Trialkyiphosphine oxkies 

93% 


Appearance 

Cofoftess mobile llquki 


Spedlic Gravity 

0.88at23-C 

4B 

Freezing Point 

^toO^C 


Viscosity 

40.0 centipoise at 25*^) 



13.7 centipoise at SO'^: 


Flashpoint (Closed Cup Setaf lash) 

182-0 

BO 

Autoignition Temperature 

218-0 


Vapor Pressure 

0.0gmmHgat31»C 


Boiling Point 

SIO-CatSOmrnHg 

65 

Solubility In Vfeter 

lOmg/l 


Solubifity of Water in GYAfOEX 923 extractant 

8wcto 
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When in this specification and in the accompanying daims the tenii 'solvent consisting essentiatiy of mixed trialkyiphos- 
phine QxideG" is used, the niaterial refated to is that just described and characterized above, and its equivalenta 

In accordance with the present inventbn. a method for recovering carboxytic adds having from one to ten caibon 
atonis and particularly ac^ add and formic add from aqueous solutions containing mixtures thereof is provided which 

5 irxdudes contacting the aqueous solution wRh a solvent consisting essentially of mixBd trialkylphosphlne oxides in coun- 
ter current liquid-liquid edraction flow in a contacting step to thereby transfer adds from the aqueous solution to said 
solvenL This extraction produces a raff inaie relatively low in add content and a solvent relatively rich in add content 
although the add-rich solvent contains some water. It is dehydrated by applying heat thereto to separate water there- 
from In a dehydration step, thereby prcxludng a water stream and a dehydrated rich solvent stream. The adds are 

70 strpped from the dehydrated rich solvent stream in a stripping step by applying heat thereto to produce a recyde sol- 
vent consisting essentially of nvxed tnall^tphosphine oxides for recycle to the liquid-liquid extraction flow descrSsed 
above and an add stream. When the add stream oontains more than one add. ft Is spGt into its oonstituent adds in a 
sp&tting step by distillation. 

Preferdsiy, the recyde solvent oonsisling essentially of nrnxed trnlkytphosphine oxides is recyded to said contacting 
15 step, and the water stream from dehydration of the rich eol^nt is recycled to the incoming aqueous solution. 

In further accordance with the invention, the volume ratio of solvent consisting essentially of mixed trialkylphos- 
p^e ooddes to aqueous solution during said contacting is from about one part solvent to two parts aqueous solution to 
about two parts solvent to one part aqueous sotuticn. The initial concentration of adds in said aqueous solution is pref- 
erably from about one-half perc^ (0.5%) by weight to about fifteen percent (1 5%) by weight although it may be from 
20 about one percent (1 %) by weight to about ten percent (1 0%) by weight It Is also pretended that the recyde solvait con- 
sisting essentially of mixed triafkylphosphine ooddes have an add content less than about 0.5% by weight 

The contacting of aqueous solution with solvent consisting essentially of mbced trialkytphocphine oxides is per- 
formed at a temperature between about aS"^ and about 90*C. and more preferably at a temperature between about 
50*C and about 60*C. Further, the dehydrating step is preferably performed at a pressure of atxiut 200 millimeters of 
25 mercury absolute, ft is prefienred that the stripping be perfomied at a temp^ature of from about 2S0''C to atsout SOCC 
af the hottest region of said stripping step, and It is also preferred that the ^rpping be performed at a pressure of from 
about 1 5 to at>out 50 millimeters of mercury absolute. The pres&ire at which said stripping is performed is dedrably suf- 
ficient to avoid freezing of any add, particularly acetic add, during said stripping or downstream thereof. 

In order to maximize energy effidency, heat in the recyde solvent consisting essentiafly of mixed trialkyipho^hine 
90 oxides from the stripping step may be transfemed at least in part to the rich solvent in the dehydration st^. Aleo. heat 
in the recyde soivent consisting essentlalty of ntixed trialkylphosphine oxides from the stripp&ig step may be transferred 
at least in part to the add stream being split into constituent adds. 

Fresh solvent consisting essentially of mixed triaOcyfphosphlne oxides for use in the process may be purified prior 
to being contacted with said aqueous solution, for exarrple by water washing or by distillation. 
ss Although several modes of operation are possble. rt is preferred that the contacting be effected by dispersing the 
solvent oonsisting essentially of mixed triaB<yipho6phine oxides as a d^persed phase in the aqueous solution which is 
then the continuous phase. 

Vapors vented from the dehydration and/or said stripping steps may be scrubbed with scrubbing solvent consisting 
essentially of mixed triaikyiphosphine oxides enployed in the contacting step, and adds ther^ dissdved in the scrub- 
40 bing solvent may thereafter be recovered therefrom. 

Arry solvent consisting essentlaBy of mixed triall^hosphine ooddes which beoomes entrained In the rafllnate from 
the contacting step may be ooalesced out of the raff inate, thus increasing raffinate purity and recovering solvent for 
reuse. 

Undedrat3le water in the final add produds may be reduced or eliminated by providing a side stream which is 
45 drawn from the distillation spotting step at a region where the water concentration therein is greatest or at a region 
wfierean azeotrcpe is formed between water arid formic add in the course of toeing cfistilled. 

Inpunties in the incoming aqueous solution which may interfere with the process may be eliminated by a pretreat- 
mem In which rich solvent from the contacting step Is rnixed with Inoorning aqueous sdutionpriortoltsdefiverytothe 
contacting step and then the rich solvent and aqueous solution are separated from each other by coaleedng the rich 
so solvent from said aqueous sdutfon, with the separated aqueous solution then being delivered to the contacting step 
and the separated rich solvent being delivered to the deiiydration step. 

Impurities tending to accumuUite in the recyde sofv^ consisting essentially of mixed triaikyiphosphine ooddes may 
be removed therefrom as It is in the course of being recycled. These Impurities may be removed by vacuum dlsdllatton 
of m least a portion of the solvent or by activated carbon filtration of at least a portion of the sol^ 
ss at least a portion of the solvent with an fon exchange agent In the course cf Its being recyded. Ai^ 
be removed by neutrafization witii a basic additive of at least a portion of the solvent for recyde in ti^^ 
recyded The Impurities may also be contrdled by adju^ng the relative flow rates d aqueous solution and recyde sol- 
vent consisting essentially of mixed trialkylpho&phlne oxides so that the equilibrium concentrations of Impurities In the 
solvent and in the raffinate are each at acceptable levels. 
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FIG. 1 is a cSagrammalic flowsheet for a plam for practicing the method of the invention, the plant being fitted par- 
ticularly for recovering and separating formic add and acetic acid from a dilute aqueous solution; and 

FIG. 2 is a diagrammatic flowsheet for a plant for practicing the method of the invention to recover and separate a 
5 mixture of short chain cartxBcyllc acids, and shoving certain method features which may also be employed in the 
plant and method of FIG. 1. 

Attention ie first directed to FIG. 1 which shows in simplified flow diagram form a plant ananged for the practice of 
the method of the invention. Aqueous solution or waste water containing the adds sought to be reoovered is deHversd 

10 to extFBCtor 1 0 through input fine 1 2. The extractor is shown as being of the rotating plate type, witii a motor 1 4 provided 
to rotate the plates. N^ous other kinds of Qquid-tiquid extractor devices nr^ be employed. The top stream out of the 
extractor 10 is a rich sdvent stream that leaves the extractor through line 16. while the bottom stream s a raffinate leav> 
ing through line 18. Resh sohrent and recyde solvent are introduced into the extract o r 10 near the bottom through fine 
20, the recyde solvent being delivered to line 20 through line 22 and fresh solvent when needed, being deftvered 

15 through line 24. The volume ratio of solvent and aqueous sdution fed to the extractor is preferably between about one- 
to-two and two-to-ona Ihe initio concentration of adds in the aqueous solution feed is from about 0.5% to about 15%, 
and preferably from about 1% to about 6% by weighL The operational temperature in the contacting step is between 
about 35*C and about SD't}. and preferably behflreen about 50"C and about 80'<). T^^ 

ably at the top region of the eKtractor. and the dispersed phase is the solvent whOe the continuous phase Is the aqueous 

20 solution. 

The ridi add containing solvent is delivered through line 16 to dehydrator 26. Heat is Input to the dehydrator 
through a reboiler system 28 and water odts the dehydrator at the top through line 30. which Is provided with a con- 
dense- 32 and reflux One 34 if de&red. The water stream is delivered through line 38 in a recyde drcuit back to input 
line 12. AHernately, the water stream may be delivered out of tfie plant for use or disposition elsewhere or combined with 

25 the raffinate stream. The pressure in the dehydrator is preferably about 200 millimeters of mercury ateolut& 

Rich sdvent leaves tiie dehydrator through line 40 which delivers it to stripper 42. In stripper 42, the adds are sep- 
arated from the solvent and through application of heat through reboiler system 44. and ttie mixed adds exit the stripper 
at the top through line 46. which is provided with a cond&iser 48 and a recyde line 50. The mixed adds are deliv^ed 
tlvDugh line 52 to splitter 54. The stripped solvent leaves the txittom of stripper 42 through line 22 and is recyded to tiie 

so extractor 10. The add content of the stripped solvent for recyde is less than aSxnji 0.5% by weight At the hottest region 
of the stripper, the operating temperature is from atx»Jt 250^0 to atx3ut 300^0, and the pressure in the stripper is from 
about 15 to about 50 milfimeters of mercury absolute. In any event, ti>e stripping pressure should be such as to avoid 
freezing of any adds there or downstream. If desired, part of the heat in the stripped sdvent may be heat acchanged 
with rich solvent at the dehydnator reboiler system 28, and also, if desired, part of tiie heat In the stripped solvent may 

ss be heat exchanged with the bottom add stream in reboiler system 66 dscussed t>dow. 

The mixed adds delivered to splitter 54 through line 52 are separated In a dIstiDation process, wHh fonnic add exit- 
ing the splitter through fine 56 and being condensed in cond^er 58 and reflu3ffid in part through fine 60 with the bal- 
ance being deHvered out of the plant through product line 62. The acetic acid is defivered out of tiie bottom of the unit 
through line 64, and a rebdier system 66 is provided to deliver heat energy into the distillation tower or spfitter 54. In 

40 accordance witii the invention, a side stream 68 may be taken off the splitter at a point w^ 

water corrtamlnant is at its highest: this point most usually be^g at a pdnt where an azeotrope Is formed between water 
and the lighter add, that is. thefonmic add. 

Attention Is now directed to FIG. 2 whkii is acfa^^amnmticfkNv sheet for a plant for practidng other entafimants 
of the invention. In Fia 2. pieces of equipment and lines which are identical to those in Fia 1 are given the same ref- 

45 erence charactBrs, and the descr^on of those parts given In connection witti FIG. 1 applies to the plant shown In FIG. 
2alsa 

The plant shown in FIG. 2 differs from that of FIG. 1 in that it is dedgned to process an aqueous solution containing 
more than formic add and acetic add from the group of cariscxylic adds having from one to five cartxm atoms. Thus 
the splitter or cfistiOation column 54 in FIG. 2 is provided with additional side stream takeoffs 100 and 102 for reovering 

BO adcfitional adds beyond those which the cfetHlation operation will tend to separate to the top and bottom of that tower. 
Those sklled in the art will appredate ttiat the separation of tiie reoovered mixed adds may be effected stage-wise in 
a series of towers rather than in a single tower, if desired. 

H has been discovered that brpurities in the waste water or Input aqueous solution entering the system through fine 
12 may cause operational difficulties through indudng emuldfication in various streams in tiie plant, and as wefl as 

55 ottier operating Ineflidendes. In accordance wHh the Invention, these Impurities may be efimlnatBd an additional 
process st^ in which rich solvent leaving extractor 10 tiirough line 16 is jdned with fr^ incoming aqueous solution in 
line 12 and tfiese materials are passed to mbcer 104. Alter being ttioroughly mixed, the rich solvent ard the Incoming 
aqueous solution pass through Dne 106toacoalescer 108 where the spedes separate, and rich sdvent tiien passes 
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through fne 110 to the dehydrator 26. while acid containing water ie led through line 112 into extractor 10. In this imn- 
ner, the impurHies in the incoming aqueous solution are made more reatfly ooafesdble. 

It has also been found that unexpected impurities may be in the fresh soh/ent which is charged to the p^ at star- 
tups or which is added to the plant in the course of operations. As appears in FIG. 2. a purifier 114 may be placed in the 

s fresh solvent input line 24 to remove these irrpurtties. The ptrifier 114 may be a distlllatian tower, an activated cartoon 
bed. an ion exchange system, a water wash system, or other separating equipmoit Since the problem of impurities in 
the fre^ sdvent is most acute at startup, piping may be provided to utfllze equipment of the plant during startup to 
effiect the renmal of the impurities in the fresh solvenL For example, stnpper 42 or dehydrator 26 m^y be temporarily 
so emplcyed during starh^. Additionally, the Impurfties may be removed in a purifier which is a separate stand-alone 

10 plant, H desired. 

As has been esqalained above, it s prefeaed that dehydrator 26 and stripper 42 be operated at vacuum The vac- 
uum irdudng equipment )s shown in FIG. 2. although rt should be understood thai sxwaiaT equipment would be present 
in a plant arranged as in FIG. 1 . This equipment indudes pump 1 16 and vent 118 in line 38 out of the top of the dehy- 
drator 26. The pump may be a mecfmnicai pump or other vacuum Inducing equipment such as a steam Rector. Since 
75 the Stream through vent 1 18 niay contain sorne adds and other material which would be viewed as pollulante 

ber 1 20 may be provided. Scrubber 1 20 may use as the scrubbing fluid the same Mnd of solvent as is employed in the 
plant as the main extractanL and the solvent may be passed through scrubber 120 as a side loop in the main solvent 
circuit of the plant 

SbnBarfy for tower 42. a vacuum pump 122 and vent 1 24 are provided. Also, a scrubber 1 26 Is provided for remov- 
20 ing this acid and other pollutants from the stream leaving the plant through vent 124. 

As has been noted above, impurities may tend to aocumuiate in the solvent as It is cyded through the process. 
These Inrpuritles may be convenientiy removed from the recyde solvent passing through line 22, by drawing off at least 
a portion of the recyde solvent through line 130 and pas^ it through purifier 114. or through a separate purSier, 
where the impurities may be removed by vacuum distillation, activBted cariaon filtration, ion CKchange, or neutralization 
2s with a basic additive, or otherwise. 

Under some operating oondHions. the rafflnate leaving the extractor 10 through line 18 may have some solvent 
physically entramed in it TTiis solvent can be removed and recovered, lor example in a ooalescer 128. The recovered 
solvent may be returned to the main solvent drcuit of the plant, and the raffinate, now freed of entrained soivent n^be 
discaided, further processed, or reused in the plant 
30 Various feature of the plant Sustrated in FIG. 2 wNch is designed tor processing multiple adds in the incoming 
aqueous solution stream may be incorporated Into the plant shown in Fia 1. which is designed for processing formic 
add and acetic add only, and the converse is the case as will be predated by those skilled in the art 

daims 

35 

1. A method for recovering acetic add and formic add from an aqueous solution thereof oonprising: 

oontacting said aqueous solution with solvent consisting essentially of mixed trialKytphosphine oxides In coun- 
ter-cunrent Gquid-Oquid extraction f bw in a contacting step to ther^ transfer acetic add and formic add from 
40 said ax^eous solution to said solvent, thereby producing a raffinate relatively low in add content and a solvent 

relatively rich in add content, said add-ridi solvent containing some water; 

dehydrating said rich solvent by applying heat thereto to separate water therefrom in a dehydration step 
thereby produdng a water stream and a dehydFBted rich solvent stream; 
stripping the acetic add and fomiic add linom said dehydrated rich re^de soh/ent 6^ 
45 applying heat thereto to produce a solvent consisting essentially of mixed trialkyl^^ 

to said liquid-liquid extraction flow, and an add stream contaffiing acOtic add arid formic add; arxi 
splitting said add stream Into acetic add and formic add in a splitting step by cfistiOation. 

2. A metiwd in accordance with Claim 1 in which said recycle sotvemcorisisting essential 
so ooddes Is receded to said contacting step. 

3. Am^hodinacoordianoewithQaiml m which said water stream from dehydration of said rich soh«ms 
to said aqueous solution. 

ss A, A method In accordance with Claim 1 In which the volume ratio of solvent consisting essentially of mbod trialkyl- 
phosphine oxides to aqueous sdution during said contacting is from about one part solvent to two parts aqueous 
sdution to Bt»ut two parts solvent to one part aqueous sohitioa 
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5. A method in accordance with Qatm 1 in which the initial concentration of acids in said aqueous solution is from 
aboul one percent (1%)byweighttoatx»itsixpercent(6%}by weig^ 

6. A method in accordance with Claim 1 in which the initial concentration of adds in said aqueous solution is from 
s atxiU one^nlf percent (0.5%) by weight to about fifteen percertf (15%) by weight 

7. A method riaocordanoe with Claim 1 1n which said recydesolverrtconsi^ 
oxidee has an acid content less than about 0^ by weight 

ro 8. A method in accofdance with Claim 1 in which ^id contacting of aqueous solution with sofwnt consisting esserv 
taly of mbced tralkytphosphine oxides is pertonned at a temperature between about 35°C and about 90*^. 

9. A method in accofdance with Claim 1 in which said contacting of aqueous solution with solvem consisting ess^ 
tialyofnrdxBdtrial^Tlphospftine cxMes is psffomied at a tenperature between about SO^CbtkI about 80^. 

15 

10. A method in accordance with Claim 1 in which said dehydrating step is performed at a pressure of about 200 mil- 
Bmetere of mercury ak)solute. 

11. A method In aocorctence with Claim 1 in which said stripping is performed at a tenperHture of from about 250*C to 
20 about 300"C at the hottest region of said stripping step. 

12. A method in accordance with Claim 1 1n which said stripping is performed at a pressure of from about IS to about 
50 miffim^ers of mmury absolute. 

25 13. A rnethod in accordance with Claim 12 in which the teniperature and piBSSire at whic^ 

is sufficient to avoid frempQ of said acetic add during said string or downstream thereof. 

14. A method in accordance with Claim 1 in which heat in said recyde solvent conning essentially of mixed trialkyi- 
phosphine oxides from said stripping step Is transferred at least in part to said rich solvent in said dehydration step. 

30 

1& A method ^ accordance with Claim 1 in which heat In said recycle sdvenl consisting essentially of mixed triaii^- 
phosphine oxides from said stripping step is transferred at least in part to said add stream being spTit into acetic 
addandfdrrracacid. 

35 16. A method in accofdance with Claim 1 in which said contacting is effected by dispesng ^ solvent consisting 
essentially of mixed trialkylphosphine oxides as a dispersed phase in said aqueous solution as a continuous pha». 

17. A method In accordance with Qaim 1 b which fresh solvent consisting essentiaiiy of mix^ 
is purified prior to being contacted with said aqueous solution. 

40 

16. A method In accordance with Claim 17 In which 1h«sh sofvent consisting essentially of mixed trialKytphosphine 
oxidee is purilied by water washing. 

19. A method in accordance wilh Claim 17 in which fresh solvent consisting essentially of mixed trialkylphosphine 
4B oxides is purified by distillalion. 

2a A method in accordance with Qaimi in which vapors vemed from said dehydration and/^ 

scnisbedwHh scrubbing solvent consisting essentially of mfaoad triall^phosphine OBddes errptayed In said contact- 
ing step. 

so 

21. A ni^hod in acooRiance with Qaiml in which vapors vemed from said dehydration and/^ 

scrubbed with scrubbing solvent consisting essenb'ally of mned trialkylphoephine ooddes and adds thereby (Se- 
solved in said scntting sdvenl are thereafter recovered therefrom. 

a 22, A method In accordance with Claim 1 1n whldi any solvent consisting essenlially of niixBd trialkylphosphine codte 
entrained in said raffinatefrom said contacting step is coatosced out of said raff inate. 

23. A method In accordance with Claim 1 hwrhkii a sMe stream Is cfrawn from saUdstiOalton splitting step at a re 
where the water concentration therein is greatest 
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24. A method in aooordance with Claim 1 in which a side stream is dram fiom said distillatlOT 6^ 
where an azeotrope is formed between water and formic add in the course of being distOied. 

25. A method in accordance with Claim 1 in which rich solvent from said conta cting step is mixed with said aqueous 
5 button prior to Its delivery to said contacting step and then said rich solvent arxJ aqueous solution are sapaialed 

from each dher by ooaJesdng said rich solvent from said aqueous solution, with said SQ)araled aqueous solution 
being delivered to said contacting step and saki separated rich solvent being delivered to said dehydration stepi 

26. A method in accordance wHh Qalm 2 in which ImpuriiieE tendng to accumulate In said recycle solvent oonssting 
10 essentially d mixed triall^hosphine axides are removed therefrom in the course of its being recyded. 

27. A method in accordance with Ctalm 26 in which said impurities are renx>ved by vacuum distlQation of at least a por- 
tion of said recycle solvent consisting essentially of mixed trialkylphosphine oxides in the course of its being recy- 
cled. 

15 

28. A in^hod in accordance with Qaim 26 in which said impurities are removed by ac^^ 

a portion of said recycle solvent consisting essentially of nixed trialkylphosphine axides in the course of its being 
recyded. 

20 29. A method in accordance with Claim 26 in which said inpuritieB are removed ksy contacting 

recyde solvent con^sting essentially of mbod trtalkylphospMne oxides with an ton exchange agent In the course 
of Its being recyded. 

30. A method in accordance with Claim 26 In which said impurities are removed by neutralization with a basic additive 
25 of at least a portion of said recyde solvent consisting essentiaOy of mixed trialkylphosphine axides in the course of 

its being recyded. 

31 . A method in accordance with Qaim 2 in which said impurities are controlled by adjusting the r^ative flow rates or 
aqueous solution and recyde solvent consisting essentially of mixed trialkytphasphine ooddes so that the equilib- 

30 rium ooncen tra li ons of impurities in said solvent consisting essentially of mixed trialkylphosphine oxkies for re^de 
and In said raffinate are each at acceptatile levels. 

32. A method for recovering carboxyfic adds from an aqueous solution containing at least one add from the group con- 
sisfing of cartxixyOc adds having from one to ten carbon atoms comprising: 

ss 

contacting sakJ aqueous sdution with sofvent consisting essentially of mixed trialky^hosphine oxides in coun- 
ter-cun-^ liquid-liquid extraction flow in a contacting step to thereby transfer sakl acids from ^id aqueous 
solution to said solvent thereby produdng a raffinate relatively low In add content and a solvent relatively rich 
in add content, said aod-rich solvent containing some water: 
40 dehydrating said rich eoHv&tt by applying heat i^&eKo to sepa r ate water therefrom in a dehydration st^ 

thereby produdng a water stream and a dehydrated rich solvent stream; and 

stripping the adds from said dehydrated rich soh/em stream in a stripping d heat^thereto to pro- 

duce a recyde solvent Gon«stir^ essentially of mixed trialkylphosphine csddes for rec^e to saki fiqud-fiquid 
extraction flow and an add stream containing said adds. 

45 

33. A method In accordance with Claim 32 in which saU aqueous solutton contains at least two caitxscylk: adds and 
further comprising splitting said add stream into incfividual adds in a splitting step by distaiation. 

34. A method in accordance with Claim 32 in which saki solvent consisting essentially of mixed trialkyl0hoGphine 
so ooddes for recyde is recycled to saU contacting step. 

35. A method in aocorc&nce with Claim 32 in which saxil water stream 
to said aqueous sototion. 

ss 36. A method In accordarx» witin Claim 32 In whteh the wkjme ratio of solvent consisting ess^ally of mixed trldkyl- 
phosphine oxkles to aqueous sdution durmg said contacting is from about one part solvent to tw« parts aqueous 
sdutton to about two parts solvBnt to one part aqueous solutioa 
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37. A mettad in accordance with Qaim 32 in which the initial co n cenlfati cn of adds in said aqueous solution is from 
about one percent (1%) by weight to about six percent (6%) by weight 

3& A m^hod in accordance with Claim 32 in which the initial concentration of acids in said aqueous solution is from 
ff about one-half percent (0^) by weight to aboitf fHleen percortf (1 5%) by vraight 

39. A method in accordance with Claim 32 in which said solvent consisting essentially of mixed trialkylphosphine 
oxides for recycle has an acid content less than about 0.5% by weight. 

10 40. A method in accordance with Claim 82 in which said contacting of RqneoiiB solution with solvent consisting essen- 
tialy of mixed triaikyiphosphine OBddee is peitcmn^ 

41. A method in acosnlance with Claim 32 in which said contacting of aqueous soluti^ 

tiaOy of mixed trialkylphosphine oxkJes is peribrmed at a temperaiure between about 50*C and about 80*C. 

15 

42. A method in accoRjance with CUm 32 in which said dehydrating step is pert^^ 
Bmeters of mercury absolute. 

43. A method in accordance with Claim 32 in whteh said stripping is perfdrmed at a temp 
20 to about 300*Catthe hotteat regkvi of said stripping step. 

44. A method In accordance with Claim 32 in which saki stripping is performed at a pressure of from about 15 to atnut 
50 milEmeters of mercury absolute. 

2S 4& A rn^hod in accordance with Claim 44 in which the tenperature and pressure at which ^ 
suflkaent to avoki freezing of said any add durfrig saU stripping or downstream thereof. 

46. A method in accordance with Claim 32 in which heat in said recyde solvent consisting essentially of mixed triall^- 
pho^ine oxklas from said stripping step is transferred al least in part to saki rich solvent in said dehydration step. 

50 

47. A method In accordance with Claim 32 in which heat fri said recyde solvent consisting essentially of rraxed trialkyl- 
phosphine ooddes from said stripping step is transferred alleast in part to said add stream being split into its con- 
stituent adds. 

3? 4a A method in acoordance with Claim 32 in which aacl contacting is effected dispersing said soh^ consisting 
essentially of mixed trialkylphosphine oxides as a dispersed phase In said aqueous solutkm as a oontinuous phase. 

49. A method bi accordance with Claim 32 in which fresh solvent consisting essentiaOy of mixed triali^lphosphine 
oxidee is purified prior to being contacted with eakf aqueous solution. 

40 

50. A method In accordance with Claim 49 In which fresh solvent consisting essentially of ntod trialkylphosphine 
Qoddes is puraied by water washing. 

51. A method in acoor^uice with Claim 49 in which firesh solvent consisting essentiaDy of mixed triall^lphosphine 
4S oxUes is purff led by distillafion. 

52. A method in accordance with Claim 32 in which vapors vented from eaid dehydration and/or sakl stripping steps 
are scni)bed with scrubbing solvent consistfrigessentlBlly of mixed trU ooddes employed in sakl con- 
tacting step. 

50 

53. A method in accordance with Claim 32 in which vapors vented from said dehydration and^ sati string steps 
are scrubbed with saubbing solvent consisting essentiany off nixed trialkylphosphine ooddes; and adds ther^ dis- 
solved In saU scrufafaing sotvent are thereafter recovered therefrom. 

SB 54. A method in accordance with Claim 32 fri vvNch any solvent consisting essentially^ 
entrained in saM raffinateftpm saM contacting step is coalesced out of said raff inate. 

55. A nurthod In acoordance with Claim 32 In which a skis stream is drawn from saUdistlll^^ 
where the water concentration therein is greatest. 
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56. A m^hod in accordance with Claim 32 in wtttch a side 

where an azeotrope is formed between water and formic add rn the course of being cfistaied. 

57. A m^tod in accoidance with Claim 32 in which rich soh^ from 

soiutkan prior to Its deitvary to said contacting step and than said rich sotvent and aqueous solution are saparated 
from each other by ooalesdng said rich solvem from said aqueo^ solution 
being delivered to said contacting step and said saparated rich sofvent beir^ deOvered to said dehydration step. 

58. A method in aocordance with Claim 34 in which inrpurities tending to accumulate In said recycle solvent oonststing 
essentially of mboad trialMphospHne ooddes are removed therefrom in the couree of its being recyded. 

59. A method in accordance with Claim 58 in which said Impurftles are removed by vacuum distiltation of at least a por- 
tion ot said recyde solvem consisting essentiaiiy of nttxed Irial^^ recy- 
cled. 

60. Anfi^hodinaccondancewithOaim56inwhich8aidimpiiitie8arer&^ 

a portion of said recyde solvent consisting essentially of mixed triaOqflphosphine oxides in the course of Its being 
recyded. 

61. Amethod in accordance with Claim 58 in which eaid impuritiee are renmed by contacting at least a portion of said 
solvent consisting essartiaOy ol mixed trIaikylphospMne oxides for recyde wHh an ion exchange agent In the 
course of Hs beirtg recyded 

62. A method in accordance wHh Claim 58 in which said irr|Xirities are rentcwed by 

of at least a portion of said advent consisting eesentiaDy of mixed triahy^hosphine oxides for recycle in tfie course 
of Its being recyded. 

63. A method in accordance with Claim 34 in which said impiarties are controlled by adjusting the relative flow rates of 
aqueous solution arx^ recyde solvent consisting essentially of mixed trialkytphosphine oxides so that the equilib- 
rium oorcentrations of impurities in &ud solverft consisting essentially of mixed trialkylphosphine oxides for recycle 
and in said raff inate are each at acceptable levels. 
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